Introduction
============

More than 85% of lung cancer cases are non-small cell lung cancer (NSCLC), and the mortality rate of NSCLC remains high all over the world ([@b1-etm-0-0-6752]). In USA, NSCLC was the second most prevalent cancer among all new cancer cases and cancer deaths in 2016 ([@b2-etm-0-0-6752]). Traditional chemotherapy regimens for NSCLC have many disadvantages such as limited efficacy, high recurrence rate, and high toxicity ([@b3-etm-0-0-6752]). These disadvantages limit the efficacy of drug therapy for NSCLC, so an improved understanding of the exact mechanisms of this disease and developing new, targeted therapy drugs for NSCLC is urgent.

Transforming growth factor b-induced protein (TGFBI), known as βIg-h3 or keratoepithelin, contains a carboxyl-terminal Arg-Gly-Asp (RGD) integrin-binding sequence and four conserved fasciclin-1 (FAS1) domains ([@b4-etm-0-0-6752]). TGFBI plays an important role in many cellular disease processes, for example, tumorigenesis, progression, and metastasis ([@b5-etm-0-0-6752]). TGFBI is down-regulated in many cancer types such as lung cancer ([@b6-etm-0-0-6752]), breast cancer ([@b7-etm-0-0-6752]) and ovary carcinoma ([@b8-etm-0-0-6752]). TGFBI functions as a suppressive role via inhibition of cell proliferation, delay of the G1-S phase transition, and induction of senescence in the prevention of breast cancer and mesothelioma cells ([@b9-etm-0-0-6752]). TGFBI-derived peptides might be used as possible therapeutic adjuvants to enhance the response to chemotherapy in NSCLC ([@b10-etm-0-0-6752]). Recent studies suggested that loss of TGFBI expression has been described in lung cancer ([@b11-etm-0-0-6752]). It has been reported that downregulation of TGFBI protein is a frequent event and related to the tumor progression in human lung cancer through comparing 130 primary lung carcinomas to normal lung tissues ([@b6-etm-0-0-6752],[@b12-etm-0-0-6752]). However, the upstream regulatory mechanism of TGFBI is not fully understood.

During the past decades, microRNAs (miRNAs, small non-coding RNA molecules), which is about 22 nucleotides in length, have been found to act in post-transcriptional regulation and RNA silencing of gene expression via binding the 3′-untranslated region (3′-UTR) of target mRNAs ([@b13-etm-0-0-6752]). Many reports have indicated miRNAs function as tumor suppressors or oncogenes in many cancer types ([@b14-etm-0-0-6752]). Many researches have indicated that miRNAs regulate many cellular processes including differentiation, proliferation, migration, and apoptosis ([@b15-etm-0-0-6752]). Recent researches have indicated miRNAs also function in the initiation and progression of NSCLC. For example, miR-455-3p was shown to regulate NSCLC cell proliferation and migration by downregulation of HOXB5 ([@b16-etm-0-0-6752]). Cell proliferation and invasion of NSCLC were inhibited by miR-504 by targeting LOXL2 ([@b17-etm-0-0-6752]). miR-142-5p inhibited tumorigenesis of NSCLC by targeting PIK3CA expression ([@b18-etm-0-0-6752]). Cell survival and metastasis of NSCLC were promoted by CXCL6 via down-regulation of miR-515-5p ([@b19-etm-0-0-6752]). Recent studies have reported miR-21-5p is upregulated in NSCLC patients ([@b20-etm-0-0-6752]). However, how miR-21-5p regulates cell proliferation in NSCLC and the involved molecular mechanisms remain poorly understood.

In our research, we show that miR-21-5p directly regulated TGFBI in two NSCLC cell lines. Additionally, we found that miR-21-5p promoted the proliferation of NSCLC cells via inhibiting TGFBI expression.

Materials and methods
=====================

### Cell culture

We obtained two human NSCLC cell lines A549 and H1299 and human lung cell line HLF from the Cell Bank, Chinese Academy of Sciences (Shanghai, China). We cultured the cells using 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) in DMEM (HyClone; GE Healthcare Life Sciences, Logan, UT, USA) at 37°C with a humidified atmosphere of 5% CO~2~.

### miRNA overexpression and knockdown

Either a miR-21-5p mimic or a miR-21-5p inhibitor were transfected into NSCLC cells to overexpress or knockdown miR-21-5p, respectively. We purchased the synthetic miR-21-5p mimic, miR-21-5p inhibitor, and negative control mimic and control inhibitor RNAs from Guangzhou RiboBio Co., Ltd., (Guangzhou, China). We seeded A549 and H1299 cells in 6-well plates using 10% FBS in DMEM. When the cells reached 60--70% confluence, the media was switched to Opti-MEM Reduced Serum Medium (Gibco; Thermo Fisher Scientific, Inc.) before transfection. Then, we transfected equal amounts of the miR-21-5p mimic, the control mimic, the miR-21-5p inhibitor, or the control inhibitor into the cells using Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocols. After 48 h, the cells were harvested. The TGFBI expression levels were determined by western blotting, and the miR-21-5p expression levels were determined by RT-qPCR.

### miR-21-5p expression in NSCLC

We used The Cancer Genome Atlas data (<https://cancergenome.nih.gov/>) to analyze and compare the miR-21-5p expression in NSCLC tissues and normal solid tissues. This database compared the miR-21-5p expression between 91 normal solid tissues and 792 primary solid tumors of NSCLC.

### RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

We extracted total RNA from transfected cells using TRIzol Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) under the guidance of the manufacturer\'s protocols. We employed TaqMan miRNA probes (Applied Biosystems; Thermo Fisher Scientific, Inc.) to detect and quantify the levels of miRNAs under the guidance of the manufacturer\'s protocols. We performed RT-qPCR on a 7500 Real-time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.) using a TaqMan PCR kit. Each reaction was run in triplicate. After that, we determined the cycle threshold (Cq) data using fixed threshold settings, then calculated the average Cq of triplicate PCR reactions. The relative amount of miRNAs were confirmed by the comparative Cq method ([@b21-etm-0-0-6752]). We used U6 snRNA as an internal control. The relative amount of miR-21-5p, which was normalized to U6, was calculated with the equation 2^−ΔΔCq^, in which ΔΔCq=(Cq~miR-21-5p~-Cq~U6~) tumor-(Cq~miR-21-5p~-Cq~U6~) control.

To quantify the amount of TGFBI mRNA, we used oligo dT primers (Takara Biotechnology Co., Ltd., Dalian, China) to reverse transcribe total RNA to cDNA. Next, RT-qPCR was run on the samples using SYBR Green Dye (Invitrogen; Thermo Fisher Scientific, Inc.) and specific primers targeting TGFBI and GAPDH (sequences listed in [Table I](#tI-etm-0-0-6752){ref-type="table"}). When the reactions were finished, we determined the Cq values with fixed threshold setting. The relative amount of TGFBI mRNA, which was normalized to GAPDH, was calculated through a similar method as described above.

### Luciferase reporter assay

Direct targeting by miR-21-5p of the TGFBI gene was tested using luciferase reporter assays ([@b22-etm-0-0-6752]). Human genomic DNA was used as the template to amplify the entire 3′-UTR of human TGFBI by PCR. Next, the amplified PCR product was directly cloned into the p-MIR-reporter plasmid (Ambion; Thermo Fisher Scientific, Inc.), then we confirmed the successful insertion via sequencing. We mutated the sequences (interacted with the miR-21-5p seed region) from ATAAGCTA to TATTCGAT to test binding specificity, then inserted the TGFBI 3′-UTR mutant fragment into the p-MIR-reporter plasmid. Then, we seeded A549 cells into 24-well plates. The next day, we used Lipofectamine 3000 to transfect equal amounts (0.3 µg) of β-galactosidase (β-gal) expression plasmid (Ambion; Thermo Fisher Scientific, Inc.) and the firefly luciferase reporter plasmid together with 20 pmol of the miR-21-5p mimic, mimic control, miR-21-5p inhibitor, or inhibitor control. We used the β-gal plasmid as a control of transfection efficiency. The cells were assayed after 24 h post-transfection via a luciferase assay kit (Promega Corporation, Madison, WI, USA).

### Plasmid construction and siRNA interference assays

A plasmid containing the human TGFBI open reading frame was purchased from Shanghai Genechem Co., Ltd., (Shanghai, China) and was used to overexpress TGFBI. We used an empty plasmid as a negative control. To silence TGFBI expression, TGFBI siRNA was obtained from Guangzhou RiboBio Co., Ltd. We used a scrambled siRNA sequence as a negative control. We then transfected the TGFBI overexpressing plasmid and TGFBI siRNA into A549 and H1299 cells using Lipofectamine 3000. After 48 h of transfection, total protein and RNA were extracted and evaluated by western blotting and RT-qPCR, respectively.

### Protein extraction and western blotting

RIPA lysis buffer (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), which contained a protease inhibitor, was used to lyse protein from the cells. We separated proteins by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The TGFBI expression levels were determined by western blotting. We normalized the protein levels by probing the same blots with a GAPDH antibody and analyzed the protein bands using Bandscan software Image J. The TGFBI antibody (A2561) was purchased from ABclonal Biotechnology (Woburn, MA, USA), and the GAPDH antibody (FL-335, sc-25778) was purchased from Santa Cruz Biotechnology, Inc., (Dallas, TX, USA).

### Cell proliferation assay

For the CCK-8 assay, A549 cells were seeded into 96-well plates at 1×10^4^ cells per well and cultured for 12 h using 10% FBS in DMEM. Cell proliferation was assessed under the guidance of the manufacturer\'s protocols of the Cell Counting Kit-8 (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China). After transfection, we added 10 µl aliquot of CCK-8 solution to the test wells at 12, 24, 36, 48, and 60 h. Absorbance at 450 nm wavelength was measured after a 2 h incubation.

For the EdU assay, we seeded A549 cells into 48-well plates (Corning Incorporated, Corning, NY, USA). Until the transfected A549 cells reached 80% confluency, we used an EdU assay kit (Guangzhou RiboBio Co., Ltd.) to measure the cell proliferation rate. We followed the manufacturer\'s protocols except the nucleus staining dye was changed from Hoechst 33342 (supplied with the kit) to DAPI (Beyotime Institute of Biotechnology, Haimen, China) ([@b23-etm-0-0-6752]). When the stain was finished, the cells were imaged by fluorescence microscopy (BX51; Olympus Corporation, Tokyo, Japan).

### Statistical analysis

Date shown are the mean ± standard deviation (SD) of at least three independent experiments, with P\<0.05 considered to indicate a statistically significant difference. SPSS software, v.17.0 (SPSS, Inc., Chicago, IL, USA) was used to perform statistical analysis. The results were compared using one-way analysis of variance followed by a post hoc Tukey test for multiple comparisons.

Results
=======

### miR-21-5p expression is upregulated in NSCLC cell lines and tissues

We have measured miR-21-5p expression in two NSCLC cell lines (A549 and H1299) and one normal lung cell lines (HLF). And we found miR-21-5p expression in A549 is upregulated compared with that in HLF and H1299, and we also found miR-21-5p expression in H1299 is upregulated compared with that in HLF ([Fig. 1A](#f1-etm-0-0-6752){ref-type="fig"}). To investigate miR-21-5p levels compare between NSCLC vs. normal lung in clinical tissue samples, the TCGA database was employed to analyze miR-21-5p expression of 91 normal solid tissues and 792 primary solid tumors of NSCLC ([Fig. 1B](#f1-etm-0-0-6752){ref-type="fig"}). The results showed that miR-21-5p was significantly upregulated in the solid tumors compared to the normal tissues (fold change=4.24 and P-value \<0.001).

### miR-21-5p promotes NSCLC cell proliferation

To better study the effect of miR-21-5p on the proliferation of NSCLC cells, we analyzed the role of miR-21-5p on the proliferation of NSCLC cells (A549) via CCK-8 and EdU assay methods. The results showed that overexpression of miR-21-5p resulted in an increase in proliferation of A549 cells, but that the proliferation of A549 cells was inhibited when the expression of miR-21-5p was inhibited ([Fig. 2](#f2-etm-0-0-6752){ref-type="fig"}). These results indicate that miR-21-5p induces the proliferation of NSCLC cells.

### Prediction of TGFBI as a miR-21-5p target gene

In order to elucidate the specific mechanism by which miR-21-5p induces the proliferation of NSCLC cells, we used three different computer software programs, TargetScan ([@b24-etm-0-0-6752]), miRanda ([@b25-etm-0-0-6752]), and PicTar ([@b26-etm-0-0-6752]) to predict genes that might bind to miR-21-5p. Among these candidate genes (zinc finger protein 367, G protein-coupled receptor 64, SMAD family member 7 and so on), TGFBI was predicted as miR-21-5p target-gene by all three programs. The potential for binding of TGFBI and miR-21-5p is shown in [Fig. 2A](#f2-etm-0-0-6752){ref-type="fig"}. The binding energy of the hairpin structure is −20.2 kj/mol, and this binding energy is within the binding energy range for miRNA and target genes. In addition, the 3 ′UTR region of TGFBI binding with miR-21-5p is highly conserved across species ([Fig. 3A](#f3-etm-0-0-6752){ref-type="fig"}).

### Identification of the TGFBI as a miR-21-5p direct target gene

To verify whether miR-21-5p binds to the 3 ′UTR region of TGFBI, two luciferase reporter gene plasmids, TGFBI wild-type and TGFBI mutant-type, were constructed. We transfected these plasmids with miR-21-5p mimic, control mimic, miR-21-5p inhibitor, or control inhibitor into A549 cells. In wild type, the activity of luciferase was decreased after the overexpression of miR-21-5p ([Fig. 3B](#f3-etm-0-0-6752){ref-type="fig"}) and the activity of luciferase was increased after inhibiting the expression of miR-21-5p ([Fig. 3B](#f3-etm-0-0-6752){ref-type="fig"}). In the mutant, the activity of luciferase did not change after overexpression or inhibition of miR-21-5p ([Fig. 3B](#f3-etm-0-0-6752){ref-type="fig"}). These findings indicate that the binding sequence is required for interaction of miR-21-5p and TGFBI mRNA.

To further investigate whether TGFBI is a miR-21-5p target gene, we measured the expression of TGFBI in NSCLC cell lines A549 and H1299. To alter the miR-21-5p levels, we transfected a miR-21-5p mimic or a miR-21-5p inhibitor into A549 and H1299. As expected, the miR-21-5p expression increased and the TGFBI expression decreased significantly after miR-21-5p was overexpressed in A549 and H1299 cell lines ([Fig. 4A-C](#f4-etm-0-0-6752){ref-type="fig"}). When we transfected the miR-21-5p inhibitor in A549 and H1299 cells, the miR-21-5p expression was decreased, and the TGFBI expression was increased ([Fig. 4A-C](#f4-etm-0-0-6752){ref-type="fig"}). To better explain the effect of miR-21-5p on TGFBI expression, we measured the expression of TGFBI mRNA from transfected cells. Neither overexpression nor inhibition of miR-21-5p affected the mRNA level of TGFBI ([Fig. 4D](#f4-etm-0-0-6752){ref-type="fig"}), indicating that miR-21-5p regulates the expression of the TGFBI gene at the post-transcriptional level.

### miR-21-5p promotes NSCLC cell proliferation by targeting TGFBI

Because miRNA can act on multiple genes, we studied whether the regulation of TGFBI expression by miR-21-5p affects the proliferation of NSCLC. To alter the expression of TGFBI, we transfected TGFBI siRNA or an overexpression plasmid into A549 cells. The efficiency of over expression and knockdown of TGFBI was measured and was shown in [Fig. 5](#f5-etm-0-0-6752){ref-type="fig"}. The results showed that the proliferation of A549 cells is promoted after knockdown of TGFBI ([Fig. 6A-C](#f6-etm-0-0-6752){ref-type="fig"}), but overexpression of TGFBI inhibited the proliferation of A549 cells ([Fig. 6D-F](#f6-etm-0-0-6752){ref-type="fig"}). These results demonstrate that miR-21-5p and TGFBI exhibit opposite effect on the proliferation of NSCLC cells. Importantly, the proliferation rates of cells co-transfected with the miR-21-5p mimic and the TGFBI overexpressing plasmid were significantly lower than that of cells transfected with the miR-21-5p mimic alone ([Fig. 7](#f7-etm-0-0-6752){ref-type="fig"}). These results indicate that the additional expression of TGFBI gene can restore the effect of miR-21-5p on cell proliferation. This result suggests that the regulation of TGFBI gene expression by miR-21-5p may explain how miR-21-5p exerts its function as an oncomiR, a microRNA (miRNA) that is associated with cancer.

Discussion
==========

TGFBI is expressed at low levels in many types of cancers, including lung cancer ([@b27-etm-0-0-6752]). There have been many studies of TGFBI in cancer, but most studies have mainly focused on TGFBI expression levels, and the specific role of TGFBI in NSCLC is not clear. Recent studies have shown that TGFBI may serve as a predictive factor for chemotherapy response and suggest that TGFBI-derived peptides can be used as adjuvant for the treatment of NSCLC ([@b10-etm-0-0-6752]). In this study, silencing TGFBI by siRNA promoted the proliferation of NSCLC cells. After overexpression of TGFBI, the opposite results were obtained, suggesting that TGFBI may be a tumor suppressor gene that acts in the prevention of NSCLC. The lncRNA H19/miR-675 axis inhibits metastasis of prostate cancer cells by targeting TGFBI ([@b28-etm-0-0-6752]). Recent study has shown that in corneal fibroblasts, TGF-β regulated the expression of the TGFBI protein through miR-21- and miR-181a-coordinated activity and Smad signaling ([@b29-etm-0-0-6752]). Several miRNA can be highly expressed in cancer, and can act on tumor suppressor genes, decreasing gene expression. Therefore, we used three analysis programs to predict miRNAs that could target TGFBI. Among these candidate miRNAs (such as miR-489-3p, miR-21-5p, miR-590-5p and miR-9-5p), miR-21-5p has been reported as an oncogene in a variety of cancers including lung cancer ([@b30-etm-0-0-6752]). We demonstrated the interaction of miR-21-5p and TGFBI by luciferase experiment. To verify miR-21-5p regulation of TGFBI gene expression, we overexpressed miR-21-5p in NSCLC cell lines A549 and H1299. The expression of the TGFBI protein decreased significantly and the expression of TGFBI increased after miR-21-5p was inhibited, but the expression level of TGFBI mRNA did not change. These results show that miR-21-5p can inhibit the TGFBI expression by post-transcriptional regulation. Finally, we indicate that miR-21-5p promotes the proliferation of NSCLC cells by inhibiting the expression of TGFBI. These findings reveal the important role of miR-21-5p targeting TGFBI as a novel regulatory pathway in the development of NSCLC.

Previous researches have shown that miRNAs may be an important regulator of cancer ([@b31-etm-0-0-6752]). The miRNA miR-21-5p is highly expressed in a variety of cancers, such as laryngeal squamous cell carcinoma ([@b32-etm-0-0-6752]), gastric cancer ([@b33-etm-0-0-6752]), colorectal cancer ([@b34-etm-0-0-6752]), breast cancer ([@b35-etm-0-0-6752]), and NSCLC ([@b36-etm-0-0-6752]). Multiple genes can be targeted by one single miRNA, and the same gene can be regulated by multiple miRNA. Therefore, miR-21-5p might have different mRNA binding partners other than TGFBI, and these different target genes may also play an important role in carcinogenesis. For example, miR-21-5p has been reported to promote ox-LDL-induced endothelial cell senescence by down-regulation of the mitochondrial fission protein Drp1 ([@b37-etm-0-0-6752]). PDCD4 may be a functional target of miR-21-5p in osteosarcoma cells ([@b38-etm-0-0-6752]). Therefore, it is important to study the mechanistic details of this new pathway in the process of NSCLC cells. In our research, we showed that overexpression of miR-21-5p promotes the proliferation of NSCLC cells, and the reduction of TGFBI can mimic the induction of miR-21-5p. Interestingly, although miR-21-5p has many other targeted genes, overexpression of TGFBI can successfully counter the role of miR-21-5p to induce the proliferation of NSCLC cells. Our results suggest targeting TGFBI may be the important mechanism by which miR-21-5p exhibit its oncomiR roles. Thus, the reason why the up-regulation of miR-21-5p in NSCLC can induce cell proliferation might be that TGFBI is regulated by miR-21-5p.

In summary, this study describes a new regulatory network in which miR-21-5p and TGFBI can precisely tune the NSCLC cells proliferation. This study suggest new directions for NSCLC treatment in the future. Future studies should pay more attention on the effect of miR-21-5p on other cellular functions of NSCLC such as apoptosis, migration ability or invasiveness.
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![miR-21-5p expression level is up-regulated in NSCLC tissues and cell lines. (A) miR-21-5p expression levels in two NSCLC cell lines (A549, H1299) and one normal lung cell line (HLF). (n=3; \*\*P\<0.01, \*\*\*P\<0.001). (B) miR-21-5p expression levels in 792 NSCLC tissues were compared with 91 normal lung tissues obtained from the TCGA database and miR-21-5p was upregulated in NSCLC patients. The results were expressed as mean ± SD of three independent experiments (\*\*\*P\<0.001).](etm-16-06-4655-g00){#f1-etm-0-0-6752}

![miR-21-5p promotes cell proliferation. (A) Cell proliferation curve of A549 cells transfected with the control mimic or miR-21-5p mimic. (B) Cell proliferation curve of A549 cells after transfection with equal doses of the control inhibitor or miR-21-5p inhibitor. (C-E) EdU assays performed in A549 cells transfected with equal doses of control mimic, miR-21-5p mimic, control inhibitor, or miR-21-5p inhibitor, and the EdU positive cells were observed at 565 nm using a fluorescence inverted microscope (magnification, ×200). (C) Representative images; (D) mimic and (E) inhibitor quantitative analysis. The results were expressed as mean ± SD of three independent experiments (n=3; \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001).](etm-16-06-4655-g01){#f2-etm-0-0-6752}

![TGFBI is predicted to be a miR-21-5p target. (A) Graphical representation of the predicted duplex of the TGFBI 3′-UTR and miR-21-5p. The red sequence represents the miR-21-5p seed-recognition sequence in the 3′-UTR of TGFBI. The seed-recognition sequence is conserved. The predicted Gibbs free energy value is also listed. (B) Luciferase reporter assay. Firefly luciferase reporters which contain either WT or MUT miR-21-5p binding sites in the 3′-UTR of TGFBI were co-transfected into A549 cells with equal doses of the miR-21-5p mimic, control mimic, miR-21-5p inhibitor, or control inhibitor. The results were expressed as mean ± SD of three independent experiments (n=3; \*\*\*P\<0.001). WT, wild-type; MUT, mutant.](etm-16-06-4655-g02){#f3-etm-0-0-6752}

![TGFBI is a direct miR-21-5p target gene. (A and B) Western blot analysis of TGFBI protein levels in A549 cells and H1299 cells after transfection with the control mimic, miR-21-5p mimic, control inhibitor, or miR-21-5p inhibitor. (A) Representative image. (B) Statistical analysis of the image. (C) RT-qPCR analysis of miR-21-5p level in A549 cells and H1299 cells transfected with the control mimic, miR-21-5p mimic, control inhibitor, or miR-21-5p inhibitor. (D) RT-qPCR analysis of TGFBI mRNA level in A549 cells and H1299 cells transfected with the control mimic, miR-21-5p mimic, control inhibitor, or miR-21-5p inhibitor. The results were expressed as mean ± SD of three independent experiments (n=3;\*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001).](etm-16-06-4655-g03){#f4-etm-0-0-6752}

![Overexpression and knockdown efficiency of TGFBI. (A and B) Western blotting analysis of the TGFBI protein expression levels in A549 cells transfected with control siRNA or TGFBI siRNA. (A) Representative image; (B) quantitative analysis. (C) RT-qPCR analysis of the TGFBI mRNA expression levels in A549 cells transfected with control siRNA or TGFBI siRNA. (D and E) Western blotting analysis of the TGFBI protein expression levels in A549 cells transfected with control plasmid or TGFBI plasmid. (D) Representative image; (E) quantitative analysis. (F) RT-qPCR analysis of the TGFBI mRNA expression levels in A549 cells transfected with control plasmid or TGFBI plasmid. The results were expressed as mean ± SD of three independent experiments (n=3; \*P\<0.05; \*\*P\<0.01).](etm-16-06-4655-g04){#f5-etm-0-0-6752}

![TGFBI inhibits NSCLC cell proliferation. (A) Cell proliferation curve of A549 cells after transfection with equal doses of control siRNA or TGFBI siRNA. (B and C) EdU assays performed in A549 cells transfected with equal doses of control siRNA, TGFBI siRNA. (B) Representative image; (C) quantitative analysis. (D) Cell proliferation curve of A549 cells transfected with equal doses of the control plasmid or the TGFBI overexpressing plasmid. (E and F) EdU assays performed in A549 cells transfected with equal doses of the control plasmid or the TGFBI overexpressing plasmid, and the EdU positive cells were observed at 565 nm using a fluorescence inverted microscope (magnification, ×200). (E) Representative image; (F) quantitative analysis. The results were expressed as mean ± SD of three independent experiments (n=3; \*P\<0.05; \*\*\*P\<0.001). NSCLC, non-small cell lung cancer.](etm-16-06-4655-g05){#f6-etm-0-0-6752}

![miR-21-5p promotes NSCLC cell proliferation by targeting TGFBI. (A) Cell proliferation curve of A549 cells transfected with the control mimic plus the control plasmid, the control mimic plus the TGFBI overexpressing plasmid, the miR-21-5p mimic plus the control plasmid, or the miR-21-5p mimic plus the TGFBI overexpressing plasmid. (B and C) EdU assays performed in cells described in (A), and the EdU positive cells were observed at 565 nm using a fluorescence inverted microscope (magnification, ×200). (B) Quantitative analysis; (C) representative images. The results were expressed as mean ± SD of three independent experiments (n=3; \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001). NSCLC, non-small cell lung cancer.](etm-16-06-4655-g06){#f7-etm-0-0-6752}

###### 

Sequences of primers.

  Primer   Sense                        Antisense
  -------- ---------------------------- ----------------------------
  TGFBI    5′-GTGCGGCTAAAGTCTCTCCA-3′   5′-AAGCCCTGGAAAACGCTGAT-3′
  GAPDH    5′-CGAGCCACATCGCTCAGACA-3′   5′-GTGGTGAAGACGCCAGTGGA-3′

TGFBI, transforming growth factor β induced.
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